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(57)Abstract: 

PROBLEM TO BE SOLVED: To promptly and accurately detect 
abnormality in a fuel cell. 

SOLUTION: This method is used for detecting abnormality in the fuel 
cell 1 provided with a cell for generating power by feeding hydrogen 
gas and air to an anode and a cathode, respectively. In this case, the 
abnormality in the fuel cell 1 is detected based on the drop speed of the 
cell voltage after stopping the fuel cell 1 (feeding stop of a reaction 
gas). 
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* notices * 



JPO and NCIPI axe not responsible for any 
dama ges caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The malfunction detection approach of the fuel cell characterized by detecting the abnormalities of a fuel cell based on the 
eel electrical potential difference after predetermined time in the malfunction detection approach of the fuel cell equipped with the eel 
which supplies and generates reactant gas to an anode and a cathode after stopping a fuel cell. 

[Claim 2] The malfunction detection approach of the fuel cell characterized by detecting the abnormalities of a fuel cell based on the 
fall rate of each eel electrical potential difference after a halt of a fuel cell in the malfunction detection approach of the fuel cell 
equipped with the eel which supplies and generates reactant gas to an anode and a cathode. 

[Claim 3] The malfunction detection approach of the fuel cell according to claim 1 or 2 characterized by setting up the judgment 
threshold of being abnormalities according to the operational status of a fuel cell. 

[Claim 4] The malfunction detection approach of the. fuel cell characterized by detecting the abnormalities of a fuel cell based on 
distribution of each eel electrical potential difference after a halt of a fuel cell in the malfunction detection approach of the fuel cell 
equipped with the eel which supplies and generates reactant gas to an anode and a cathode. 

[Claim 5] The malfunction detection approach of the fuel cell according to claim 1, 2, or 4 characterized by performing malfunction 
detection when it is stabilized and the fuel cell is being operated, before stopping a fuel cell. 

[Claim 6] It is the malfunction detection approach of the fuel cell according to claim 1 or 2 characterized by restricting lower than 
malfunction detection before the working pressure of the reactant gas at the time of the generation of electrical energy on and after 
next time when the abnormalities of a fuel cell are detected. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the malfunction detection approach of a fuel cell. 
[0002] 

[Description of the Prior Art] In the fuel cell carried in a fuel cell powered vehicle etc. For example, the solid-state polyelectrolyte film 
which consists of solid-state polymer ion exchange membrane etc. is put from both sides with an anode and a cathode. The hydrogen 
gas passageway which consists of a stack constituted by carrying out two or more laminatings of the eel which furthermore pinched 
the outside with the separator of a pair, and was formed and by which hydrogen gas is supplied to each eel as fuel gas, There is a thing 
equipped with the air duct to which the air which contains oxygen as oxidant gas is supplied, and the coolant path to which the coolant 
is supplied. Hereafter, fuel gas and oxidant gas are named generically and it is called reactant gas. In this fuel cell, the solid-state 
polyelectrolyte film is passed, even a cathode moves, and the hydrogen ion generated by catalytic reaction in the anode causes and 
^ generates oxygen and electrochemical reaction with a cathode. And the heat generated in the case of a generation of electrical energy 
was taken by the coolant of a coolant path, and the fuel cell is cooled. 

[0003] In this fuel cell, said solid-state polyelectrolyte film has the function as a septum to separate the function to make a hydrogen 
ion penetrate as an electrolyte, and the hydrogen gas of a hydrogen gas passageway and the oxidant gas (air) of an air duct, and the 
separator has the function as a septum to separate the hydrogen gas of a hydrogen gas passageway, the oxidant gas (air) of an air duct, 
and the coolant of a coolant path, respectively. Therefore, if the hole etc. is open to these solid-states polyelectrolyte film or a 
separator, the hydrogen gas of a hydrogen gas passageway will be revealed to an air duct. Thus, when hydrogen gas is revealed to an 
air duct, since hydrogen gas is inflammable gas, it reacts with the oxygen in the air in an air duct, generates heat, and has a possibility 
of having a bad influence on a fuel cell. 

[0004] Therefore, in a fuel cell, when the hydrogen leakage by film breakage etc. has arisen, it is necessary to discover this at an early 
stage. Then, if the hydrogen detector was installed in the exhaust passage of the air discharged from a fuel cell and this hydrogen 
detector detected hydrogen conventionally as indicated by JP,6-223850,A, the approach of suspending supply of the hydrogen gas to a 
fuel cell was taken. 
[0005] 

[Problem(s) to be Solved by the Invention] However, since it would not be judged with it being hydrogen leakage if hydrogen leakage 
will be fairly gone on from the relation between the detection sensitivity of a hydrogen detector, or detection precision in the case of 
the conventional approach mentioned above, before having a bad influence on a fuel cell, it was difficult [ it ] to detect hydrogen 
leakage. That is, failure of a fuel cell was undetectable at an early stage. Moreover, by the conventional approach, even if it was 
detectable that a fuel cell is failure, the eel or which eel of which neighborhood of a fiiel cell was not able to specify whether they were 
abnormalities (failure). Then, this invention offers the malfunction detection approach that failure of a fuel cell is detectable at an early 
stage, paying attention to the effect which leakage of reactant gas has on a eel electrical potential difference. 
[0006] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, invention indicated to claim 1 An anode 
(for example, anode 52 in the gestalt of operation mentioned later), and a cathode To (for example, the cathode 53 in the gestalt of 
operation mentioned later) reactant gas The eel which supplies and generates for example, (the hydrogen gas and air) in a gestalt of the 
operation mentioned later In the malfunction detection approach of the fuel cell (for example, fuel cell 1 in the gestalt of operation 
mentioned later) equipped with (for example, the eel 55 in the gestalt of operation mentioned later), after stopping a fuel cell, it is 
characterized by detecting the abnormalities of a fuel cell based on the eel electrical potential difference after predetermined time. 
[0007] If a generation of electrical energy of a fuel cell is suspended, supply of reactant gas will be suspended, but since reactant gas 
remains inside a fuel cell (gas passageway), while after a halt of a fuel cell is for a while, a eel electrical potential difference is held. If 
there are no abnormalities in a eel, when the eel electrical potential difference after a halt should show predetermined behavior (sag) 
and abnormalities are in a eel, the behavior of the eel electrical potential difference after a halt differs from always [ forward ]. 
Therefore, after stopping, a fuel cell is enabled to judge whether they are abnormalities based on the eel electrical potential difference 
after predetermined time, and it becomes possible to specify an abnormal cel. Moreover, since abnormalities are detected based on the 
eel electrical potential difference in the condition that supply of reactant gas is suspended, judgment precision becomes it is high and 
possible [judging whether they are abnormalities for a short time ]. 

[0008] Invention indicated to claim 2 An anode (for example, anode 52 in the gestalt of operation mentioned later), and a cathode To 
(for example, the cathode 53 in the gestalt of operation mentioned later) reactant gas The eel which supplies and generates for 
example, (the hydrogen gas and air) in a gestalt of the operation mentioned later In the malfunction detection approach of the fuel cell 
(for example, fuel cell 1 in the gestalt of operation mentioned later) equipped with (for example, the eel 55 in the gestalt of operation 
mentioned later), it is characterized by detecting the abnormalities of a fuel cell based on the fall rate of each eel electrical potential 
difference after a halt of a fuel cell. 

[0009] If a generation of electrical energy of a fuel cell is suspended, supply of reactant gas will be suspended, but since reactant gas 
remains inside a fuel cell (gas passageway), while after a halt of a fuel cell is for a while, a eel electrical potential difference is held. If 
there is no unusual eel, when the fall rate of each eel electrical potential difference after a halt should become almost the same and 
there is an unusual eel, the sag rate of an unusual eel becomes earlier than the sag rate of a normal cel. Therefore, it becomes possible 
to detect the abnormalities of a fuel cell based on the fall rate of each eel electrical potential difference after a halt of a fuel cell, and it 
becomes possible to specify an abnormal cel. Moreover, since abnormalities are detected based on the fall rate of the eel electrical 
potential difference in the condition that supply of reactant gas is suspended, judgment precision becomes it is high and possible 
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[judging whether they are abnormalities for a short time ]. 

[0010] Invention indicated to claim 3 is characterized by setting up the judgment threshold of being abnormalities according to the 
operational status of a fuel cell in invention according to claim 1 or 2. The operational status of the fuel cell before performing 
malfunction detection processing has influence on the behavior of the eel electrical potential difference after a halt of a fuel cell. For 
example, since the discharge from a eel is promoted so that the humidification degree of the reactant gas before early and a halt is [ the 
fall rate of a eel electrical potential difference ] so large that the anode before a halt and the differential pressure between cathodes are 
large, since leakage of the reactant gas after a halt is early, the fall rate of the eel electrical potential difference after a halt becomes 
quick. Therefore, it becomes possible by setting up the judgment threshold of being abnormalities according to the operational status 
of a fuel cell to raise judgment precision. 

[001 1] Invention indicated to claim 4 An anode (for example, anode 52 in the gestalt of operation mentioned later), and a cathode To 
(for example, the cathode 53 in the gestalt of operation mentioned later) reactant gas The eel which supplies and generates for 
example, (the hydrogen gas and air) in a gestalt of the operation mentioned later In the malfunction detection approach of the fuel cell 
(for example, fuel cell 1 in the gestalt of operation mentioned later) equipped with (for example, the eel 55 in the gestalt of operation 
mentioned later), it is characterized by detecting the abnormalities of a fuel cell based on distribution of each eel electrical potential 
difference after a halt of a fuel cell. 

[0012] If a generation of electrical energy of a fuel cell is suspended, supply of reactant gas will be suspended, but since reactant gas 
remains inside a fuel cell (gas passageway), while after a halt of a fuel cell is for a while, a eel electrical potential difference is held. If 
there is no unusual eel, although the fall rate of each eel electrical potential difference after a halt should become almost the same, 
when abnormalities arise in a certain eel, it is affected to the eel which adjoins from the eel which abnormalities produced, and a eel 
electrical potential difference shows predetermined distribution. Therefore, it becomes possible to detect the abnormalities of a fuel 
cell based on distribution of each eel electrical potential difference after a halt of a fuel cell, and it becomes possible to specify an 
abnormal cel. Moreover, since abnormalities are detected based on distribution of each eel electrical potential difference in the 
condition that supply of reactant gas is suspended, judgment precision becomes it is high and possible [judging whether they are 
abnormalities for a short time ]. 

[0013] In invention according to claim 1, 2, or 4, before invention indicated to claim 5 stops a fuel cell, when it is stabilized and the 
fuel cell is being operated, it is characterized by performing malfunction detection. Thus, by constituting, it becomes possible to 
prevent an incorrect judging. 

[0014] In invention according to claim 1 or 2, invention indicated to claim 6 is characterized by restricting lower than malfunction 
detection before the working pressure of the reactant gas at the time of the generation of electrical energy on and after next time, when 
the abnormalities of a fuel cell are detected. Thus, by constituting, it becomes possible to reduce the leak rate of the reactant gas at the 
time of the generation of electrical energy on and after next time. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of the malfunction detection approach of the fuel cell 
concerning this invention is explained with reference to the drawing of drawing 9 from drawing 1 . In addition, the gestalt of the 
operation explained below is the mode applied to the fuel cell carried in a fuel cell powered vehicle. 

[0016] [Gestalt of the 1st operation] First, the gestalt of implementation of the 1st of this invention is explained with reference to the 
drawing of drawing 7 from drawing 1 . Drawing 1 is the outline block diagram of a fuel cell system, and drawing 2 is drawing shown 
by making a part of fuel cell 1 into a cross section. A fuel cell 1 is explained with reference to introduction and drawing 2 . A fuel cell 
1 puts the solid-state polyelectrolyte film 5 1 which is the fuel cell of a solid-state polyelectrolyte membrane type, for example, consists 
of solid-state polymer ion exchange membrane etc. from both sides with an anode 52 and a cathode 53, and consists of a stack 
constituted by carrying out two or more laminatings of the eel 55 which pinched the outside with the separators 54 and 54 of a pair 
further, and was formed. Each eel 55 is equipped with the hydrogen gas passageway 56 to which hydrogen gas (reactant gas) is 
supplied as fuel gas, the air duct 57 to which the air (reactant gas) which contains oxygen as oxidant gas is supplied, and the coolant 
path 58 to which the coolant is supplied. And the hydrogen ion generated by catalytic reaction in the anode 52 penetrates the solid- 
state polyelectrolyte film 51, even a cathode 53 moves, and oxygen and electrochemical reaction are caused and generated with a 
cathode 53. By the coolant which flows said coolant path 58, heat is taken and it cools so that a fuel cell 1 may not exceed 
predetermined temperature by generation of heat accompanying this generation of electrical energy. 

[00 17] moreover — this — a fuel cell — one — setting — each — a eel — 55 - output voltage — detecting — a sake — a voltage sensor - (- 
- V — ) 21 — each — a eel — 55 — a separator — 54 — 54 — connecting — having — **** — a voltage sensor — 21 — an output signal — 
ECU — 20 — inputting — having — coming — **** . in addition, in drawing 1 , it has stopped on account of illustration to illustrate one 
voltage sensor 2 1 . 

[001 8] Next, a fuel cell system is explained with reference to drawing 1 . After having been pressurized by the air compressor 2, being 
humidified with the cathode humidifier 3, supplying the air duct 57 of a fuel cell 1 and presenting a generation of electrical energy 
with the oxygen in this air as an oxidizer, the open air is discharged as air off-gas from a fuel cell 1 , and is emitted to atmospheric air 
through a pressure control valve 4. Revolving speed control of the air compressor 2 is carried out by ECU20 so that the air of the mass 
according to the output demanded of the fuel cell 1 may be supplied to a fuel cell 1, and opening control of the pressure control valve 4 
is carried out by ECU20 so that the supply pressure of the air to a fuel cell 1 may serve as a pressure value according to the operational 
status of a fuel cell 1. In addition, the air supplied to a fuel cell 1 is controlled so that an air supply pressure becomes large, while 
being controlled so that the demand generation-of-electrical -energy current of a fuel cell 1 is large, and the amount of air supply to a 
fuel cell 1 increases. 

[0019] After the hydrogen gas emitted from the high-pressure hydrogen tank which is not illustrated on the other hand is 
decompressed by the fuel-supply-control valve 5, it passes along an ejector 6, is humidified with the anode humidifier 7, and is 
supplied to the hydrogen gas passageway 56 of a fuel cell 1 . After a generation of electrical energy is presented with this hydrogen 
gas, unreacted hydrogen gas is discharged as hydrogen off-gas from a fuel cell 1 , is attracted by the ejector 6 through the hydrogen off- 
gas recovery way 8, joins the hydrogen gas supplied from said high-pressure hydrogen tank, and is again supplied to a fuel cell 1 . 
[0020] In addition, the air humidified with the cathode humidifier 3 is supplied to the cathode 53 of a fuel ceil 1, and the ion 
conductivity of the solid-state polyelectrolyte film 51 of a fuel cell 1 is secured to a predetermined condition by supplying the 
hydrogen gas humidified with the anode humidifier 7 to the anode 52 of a fuel cell 1 . 

[0021] The fuel -supply-control valve 5 consists of a proportionality pressure control valve of for example, an air type, is inputted 
through the pneumatic-signal installation way 9 by making into signal pressure (reference pressure) the pressure of the air supplied 
from an air compressor 2, and it is controlled so that the pressure of the hydrogen gas of fuel-supply-control valve 5 outlet serves as a 
predetermined pressure range according to said signal pressure. In addition, since the supply air to a fuel cell 1 is controlled so that the 
demand generation-of-electrical -energy current of a fuel cell 1 is large, and an air supply pressure becomes large as mentioned above, 



http://www4Jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 6/20/2006 



JP,2003-045467,A [DETAILED DESCRIPTION] 



Page 3 of 6 



the hydrogen gas controlled considering this air supply pressure as reference pressure will also be controlled so that the demand 
generation-of-electrical-energy current of a fuel cell 1 is large, and a hydrogen supply pressure becomes large. The hydrogen off-gas 
recovery way 8 is equipped with the purge valve 10, and when predetermined conditions are fulfilled by ECU20, valve-opening 
control is carried out, and it drains a purge valve 10 to the exterior so that water may not collect on the hydrogen gas passageway 56 of 
a fuel cell 1 . 

[0022] Moreover, the coolant for cooling a fuel cell 1 A pressure up is carried out by the water pump (WP) 1 1 , and a radiator 12 is 
supplied. The coolant is cooled by radiating heat outside in a radiator 1 1. Then, a fuel cell 1 is supplied, in case it passes along the 
coolant path 58 in a fuel cell 1 , heat is taken from a fuel cell 1 , a fuel cell 1 is cooled, and return cooling ofthe coolant heated by this 
is again carried out through a water pump 1 1 at a radiator 12. 

[0023] Thus, in the constituted fuel cell system, in order to stop a generation of electrical energy of a fuel cell 1, while suspending an 
air compressor 2 and suspending supply of air, the fuel-supply-control valve 5 is closed and supply of hydrogen gas is suspended. 
Thus, since reactant gas remains in a fuel cell 1 immediately after a halt even if it suspends supply of reactant gas, while after a halt of 
a fuel cell is for a while, a eel electrical potential difference is held. However, the hydrogen gas which remained in the hydrogen gas 
passageway 56 leaks from the seal section between separators 54, or it is gradually discharged from gas supply opening and gas 
exhaust, and the maintenance electrical potential difference of a eel falls. Therefore, if the eel electrical potential difference of each eel 
55 is measured from immediately after a halt, it will fall gradually from the eel electrical-potential-difference value of each eel 55 
detected immediately after the halt, and, finally the eel electrical potential difference of all the eels 55 will become zero. 
[0024] By degradation with the passage of time etc., the hole is open on the solid-state polyelectrolyte film 5 1 , or a eel 55 here or 
when the abnormalities which the hole was opening are in a separator 54 In order that the hydrogen gas passageway 56 and air duct 57 
of this eel 55 may be open for free passage through said hole, through said hole, the hydrogen gas in the hydrogen gas passageway 56 
is gradually revealed in an air duct 57, and decreases in number earlier than the eel 55 with the normal hydrogen concentration 
difference of the hydrogen gas passageway 56 and an air duct 57. 

[0025] Consequently, the rate of sag becomes quick rather than the eel electrical potential difference of the eel 55 with the normal eel 
electrical potential difference of the abnormal eel 55. Drawing 3 is the example of a comparison of the eel sag rate in the abnormal eel 
55 and the normal eel 55, in this drawing, a continuous line shows the normal eel 55, and the alternate long and short dash line shows 
the abnormal eel 55. Here, since supply of reactant gas is suspended during the halt of a fuel cell 1, a difference of the fall rate of a eel 
electrical potential difference appears notably. Therefore, after stopping a fuel cell 1 , the eel electrical potential difference after 
predetermined time progress becomes lower than the eel electrical potential difference of the eel 55 with the normaler eel electrical 
potential difference of the abnormal eel 55. 

[0026] Moreover, drawing 4 is an example of the measurement result of having measured the eel electrical potential difference of each 
eel 55 after predetermined time progress, after stopping about the fuel cell 1 which consists of n eels 55. Thus, the eel electrical 
potential difference of the nx position abnormal eel 55 becomes the lowest, and the eel distribution-of- voltage section (henceforth the 
abbreviation V typeface distribution section) Y of an abbreviation V typeface arises focusing on this. 

[0027] Thus, in the normal eel 55 and the abnormal eel 55, since the behavior of the eel electrical potential difference after suspending 
operation of a fuel cell 1 differs, the abnormalities of a fuel cell 1 are detectable using this. This is the malfunction detection principle 
of the fuel cell of this invention. 

[0028] Next, with reference to the flow chart of drawing 5 , malfunction detection processing of the fuel cell in the gestalt of the 1st 
operation is explained. With the gestalt of this operation, malfunction detection processing is started by making the OFF signal of an 
ignition (IG) switch into a trigger (step S101). And in step SI 02, before an ignition switch is turned off, it judges whether the fuel cell 
1 was stabilized and was generated beyond predetermined time (when putting in another way, was reactant gas stabilized and was 
supplied or not?). 

[0029] When the judgment result in step SI 02 is "NO" (the generation of electrical energy before OFF was not stable), activation of 
this routine is once ended. That is, malfunction detection is not performed in this case. This is because the behavior of the eel electrical 
potential difference after a halt becomes unstable, so the abnormality judging in the right cannot be performed unless reactant gas is 
supplied adequately before stopping a fuel cell 1 for malfunction detection. In addition, when judged with "NO" at step SI 02, although 
the ignition switch was once turned ON, it may have turned [ ****** ] OFF immediately, for example. In addition, although the start 
condition of malfunction detection processing was considered as the ignition switch-off actuation by the operator with the gestalt of 
this operation, if the stable generation of electrical energy of the fuel cell 1 is carried out, it is good also as a start condition of 
malfunction detection processing of the forcible stop for an idle halt or malfunction detection. 

[0030] When the judgment result in step SI 02 is "YES" (the stable generation of electrical energy was carried out before OFF), it 
progresses to step SI 03 and judges whether predetermined time (for example, 10 seconds) progress was carried out in OFF of an 
ignition switch. When the judgment result in step SI 03 is "NO" (before predetermined time progress), it returns to step SI 03 again. 
After an ignition switch OFF, this has the small difference of a eel electrical potential difference between the unusual eel 55 and the 
normal eel 55, if predetermined time has not passed, and it is because judgment precision worsens. 

[0031] When the judgment result in step SI 03 is "YES" (after predetermined time progress), it progresses to step SI 04, the eel 
electrical potential difference of each eel 55 is read, the average (henceforth an average eel electrical potential difference) of a eel 
electrical potential difference is calculated, and the difference which subtracted the lowest eel electrical potential difference 
(henceforth the minimum eel electrical potential difference) of all eel electrical potential differences from the average eel electrical 
potential difference judges whether it is more than warning threshold VI. 

[0032] When the judgment result in step SI 04 is "YES" (average eel electrical-potential-difference-minimum eel electrical -potential - 
difference >=V1), it progresses to step SI 05 and the difference which subtracted the minimum eel electrical potential difference from 
the average eel electrical potential difference judges whether it is more than fail threshold V2. Here, the fail threshold V2 is set up 
more greatly than the warning threshold VI (V2> VI). Since extent of abnormalities (degradation and breakage) is size when the 
judgment result in step SI 05 is "YES" (average eel electrical-potential -difference-minimum eel electrical -potential-difference >=V2), 
a fail lamp is turned on and a next generation of electrical energy is forbidden (step SI 06). Furthermore, it judges with abnormalities 
(degradation and breakage) being in the eel 55 of the eel number which detected the minimum eel electrical potential difference (step 
SI 07), in order to make it the reference at the time of fixing a fuel cell 1 later (eel exchange), this eel number is written in the backup 
memory of ECU20 (step SI 08), and malfunction detection processing is ended. 

[0033] On the other hand, since extent of abnormalities (degradation and breakage) is small although abnormal ities are looked at by 
the eel 55 of the eel number which detected the minimum eel electrical potential difference when the judgment result in step SI 05 is 
"NO" (average eel electrical-potential-difference-minimum eel electrical -potential-difference <V2), a warning lamp is turned on and it 
is made into load limitation mode next time at the time of a generation of electrical energy (step SI 09). As mentioned above, since it is 
controlling to enlarge a hydrogen supply pressure so that a demand generation-of-electrical-energy current (output) is large, if the 
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output of a fuel cell 1 is enlarged, the hydrogen capacity of a fuel cell 1 revealed from the hydrogen gas passageway 56 to an air duct 
57 will increase. Therefore, although extent is small, when the abnormal eel 55 is found, the output of a fuel cell 1 is usually restricted 
rather than the time of operation mode in load limitation mode at the time of a generation of electrical energy, it operates a fuel cell 1 , 
and reduces leakage of hydrogen next time. That is, when abnormalities are detected to a fuel cell 1, the working pressure of the 
reactant gas at the time of the generation of electrical energy on and after next time is restricted lower than malfunction detection 
before. Then, it judges with abnormalities being in the eel 55 of the eel number which detected the minimum eel electrical potential 
difference (step SI 07), this eel number is written in the backup memory of ECU20 (step SI 08), and malfunction detection processing 
is ended. 

[0034] Moreover, when the judgment result in step SI 04 is "NO" (average eel electrical-potential-difference-minimum eel electrical- 
potential-difference <V1), it judges with all the eels 55 being normal, a next generation of electrical energy is usually made into 
operation mode (step SI 10), and malfunction detection processing is ended. Thus, with the gestalt of the 1st operation, since the 
abnormalities of a fuel cell are detected based on the eel electrical potential difference after predetermined time after stopping a fuel 
cell 1, the abnormalities of a fuel cell 1 are detectable to quick and accuracy (highly precise). And an abnormal eel can be specified. 
[0035] In addition, although the electrical-potential-difference difference of an average eel electrical potential difference and the 
minimum eel electrical potential difference is computed and he is trying to compare this electrical-potential-difference difference, the 
fail threshold V2, or the warning threshold VI with the gestalt of the 1st operation mentioned above, the standard deviation of the eel 
electrical potential difference of all the eels 55 is computed by replacing with this, this standard deviation, said fail threshold V2, or 
the warning threshold VI is compared, and it may be made to perform an abnormality judging. 

[0036] Moreover, the operational status of the fuel cell 1 before performing malfunction detection processing has influence on the 
behavior of the eel electrical potential difference after a halt of a fuel cell 1. For example, since the amount of cross leaks between an 
anode and a cathode becomes large so that the humidity of the reactant gas before early and a halt is [ the fall rate of a eel electrical 
potential difference ] so high that the anode before a halt and the differential pressure between cathodes are large, since cross leak of 
the reactant gas after a halt (hydrogen gas) is early (many), the fall rate of the eel electrical potential difference after a halt becomes 
quick. Therefore, if a setting change of the warning threshold VI and the fail threshold V2 which are a judgment threshold is made 
according to the operational status of a fuel cell, judgment precision can be raised more. 

[0037] Then, so that a judgment threshold is enlarged, so that the differential pressure between an anode and a cathode is large, 
differential pressure is small and a judgment threshold may be made small Moreover, so that a judgment threshold is enlarged, so that 
the humidification degree of reactant gas is large, a humidification degree is small and a judgment threshold may be made small It asks 
for an anode, the judgment threshold correction factor Kpd based on the differential pressure of a cathode, and the judgment threshold 
correction factor Kh based on a humidification degree experimentally beforehand, respectively. For example, it memorizes to ROM of 
ECU20 as a judgment threshold correction factor map as shown in drawing 6 and drawing 7 . According to the operational status 
before stopping a fuel cell 1 in malfunction detection processing, compute the judgment threshold correction factors Kpd and Kh, and 
the fail threshold VI and the warning threshold V2 are amended based on a degree type. You may make it use fail threshold VI' and 
warning threshold V2' which were these-amended in step SI 04 or step SI 05. 
V r=V 1 and Kpd-Kh . Formula ( 1 ) 
V2'=V2 and Kpd-Kh ... Formula (2) 

[0038] [Gestalt of the 2nd operation] Next, the gestalt of implementation of the 2nd of the malfunction detection approach of the fuel 
cell concerning this invention is explained with reference to the flow chart of drawing 8 . With the gestalt of the 1st operation 
mentioned above, after stopping a fuel cell 1 , compute the electrical-potential-difference difference or standard deviation of an average 
eel electrical potential difference and the minimum eel electrical potential difference after predetermined time progress, and although 
the abnormality judging was performed as compared with the judgment threshold, these With the gestalt of this 2nd operation, the 
inclination (namely, fall rate) of a fall of the eel electrical potential difference of each eel 55 is computed, and it is made to perform an 
abnormality judging for the inclination of this fall as compared with a judgment threshold. In addition, since it is the same as the thing 
of the gestalt of the 1st operation about the fuel cell structure of a system, the explanation shall be omitted and shall explain only 
malfunction detection processing. 

[0039] First, malfunction detection processing is started by making the OFF signal of an ignition (IG) switch into a trigger (step S201). 
And in step S202, before an ignition switch is turned off, it judges whether the fuel cell 1 was stabilized and was generated beyond 
predetermined time (when putting in another way, was reactant gas stabilized and was supplied or not?). 

[0040] When the judgment result in step S202 is "NO" (the generation of electrical energy before OFF was not stable), activation of 
this routine is once ended. That is, malfunction detection is not performed in this case. This is because the behavior of the eel electrical 
potential difference after a halt becomes unstable, so the abnormality judging in the right cannot be performed unless reactant gas is 
supplied adequately before stopping a fuel cell 1 for malfunction detection. In addition, although the start condition of malfunction 
detection processing was considered as the ignition switch-off actuation by the operator with the gestalt of this operation, if the stable 
generation of electrical energy of the fuel cell 1 is carried out, it is good also as a start condition of malfunction detection processing of 
the forcible stop for an idle halt or malfunction detection. 

[0041] When the judgment result in step S202 is "YES" (the stable generation of electrical energy was carried out before OFF), it 
progresses to step S203 and judges whether the humidity of reactant gas, the temperature of a fuel cell 1, and the supply pressure of 
reactant gas are in predetermined condition within the limits, respectively. When the judgment result in step S203 is "NO" (terms and 
conditions are not satisfied), activation of this routine is once ended. That is, malfunction detection is not performed in this case. This 
is because the behavior of the eel electrical potential difference after a halt becomes unstable and the abnormality judging in the right 
cannot be performed, unless reactant gas is supplied adequately. 

[0042] When the judgment result in step S203 is "YES" (terms and conditions are satisfied), since the execution condition of 
malfunction detection processing is satisfied, it progresses to step S204, and the inclination of a fall of the eel electrical potential 
difference of each eel 55 is computed, and the inclination of a fall of the ce! electrical potential difference of each eel 55 judges 
whether they are one or more warning thresholds VS. 

[0043] When the judgment result in step S204 is "YES" (inclination >=VS1 of a fall of a eel electrical potential difference), it 
progresses to step S205 and the inclination of a fall of the eel electrical potential difference of the eel 55 which were one or more 
warning thresholds VS judges whether they are two or more fail thresholds VS. Here, the fail threshold VS 2 is set up more greatly 
than the warning threshold VS 1 (VS2>VSI). Since extent of abnormalities (degradation and breakage) is size when the judgment 
result in step S205 is "YES" (inclination >=VS2 of the inclination of a eel electrical potential difference), a fail lamp is turned on and a 
next generation of electrical energy is forbidden (step S206). Furthermore, it judges with abnormalities (degradation and breakage) 
being in the eel 55 of the eel number whose inclinations of a fall of a eel electrical potential difference were two or more (namely, one 
or more warning thresholds VS) fail thresholds VS (step S207), in order to make it the reference at the time of fixing a fuel cell 1 later 
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(eel exchange), this eel number is written in the backup memory of ECU20 (step S208), and malfunction detection processing is 
ended. 

[0044] Since extent of abnormalities (degradation and breakage) is small although abnormalities are looked at by the eel 55 whose 
inclinations of a fall of a eel electrical potential difference were one or more fail thresholds VS when the judgment result in step S205 
is "NO" (inclination <VS2 of a fall of a eel electrical potential difference), a warning lamp is turned on and it is made into load 
limitation mode next time at the time of a generation of electrical energy (step S209). About the reason for making the time of a 
generation of electrical energy into load limitation mode next time, it is the same as the case of the gestalt of the 1st operation, and is 
for controlling the hydrogen leakage at the time of a generation of electrical energy next time. Then, the inclination of a fall of a eel 
electrical potential difference judges with abnormalities being in the eel 55 of the eel number which was beyond a threshold (VS1) 
(step S207), writes this eel number in the backup memory of ECU20 (step S208), and ends malfunction detection processing. 
[0045] When the judgment result in step S204 is "NO" (inclination <VS1 of a fall of a eel electrical potential difference), it judges 
with all the eels 55 being normal, a next generation of electrical energy is usually made into operation mode (step S210), and 
malfunction detection processing is ended. Thus, with the gestalt of the 2nd operation, since abnormalities are detected based on the 
fall rate of the eel electrical potential difference in the condition that supply of reactant gas is suspended, the abnormalities of a fuel 
cell 1 are detectable to quick and accuracy (highly precise). And an abnormal eel can be specified. 

[0046] Also in the malfunction detection approach of the fuel cell in the gestalt of this 2nd operation, since judgment precision will 
increase further if it is possible to make a setting change and the fail threshold VS 2 and the warning threshold VS 1 are made such 
according to the operational status (namely, the differential pressure between an anode and a cathode and the humidifi cation degree of 
reactant gas) of the fuel cell 1 before a halt, it is desirable. 

[0047] [Gestalt of the 3rd operation] Next, the gestalt of implementation of the 3rd of the malfunction detection approach of the fuel 
cell concerning this invention is explained. After stopping a fuel cell 1 when an abnormality eel exists in a fuel cell 1 as mentioned ' 
above, as shown in drawing 4 , the eel electrical potential difference of the nx position abnormal eel 55 becomes the lowest, and the 
abbreviation V typeface distribution section Y produces distribution of the eel electrical potential difference after predetermined time 
progress focusing on this. 

[0048] Here, it guesses about the reason which the abbreviation V typeface distribution section Y produces. As mentioned above, a 
fuel cell 1 carries out the laminating of many eels 55, and is constituted. The fuel cell 1 is equipped with the through tube for hydrogen 
supply and the through tube for hydrogen discharge which were formed by penetrating all the eels 55, the through tube for air supply, 
and the through tube for air discharge. Distribution supply of the hydrogen gas is carried out in juxtaposition from said through tube 
for hydrogen supply at the hydrogen gas passageway 56 of each eel 55. From the hydrogen gas passageway 56 of each eel 55, 
unreacted hydrogen gathers to said through tube for hydrogen discharge, and is discharged. Distribution supply of the air is carried out 
in [ the air duct 57 of each eel 55 ] juxtaposition from said through tube for air supply, and from the air duct 57 of each eel 55, 
unreacted air gathers to said through tube for air discharge, and is discharged. That is, the hydrogen gas passageway 56 of each eel 55 
is connected by the through tube for hydrogen supply, and the through tube for hydrogen discharge, and the air duct 57 of each eel 55 
is connected by the through tube for air supply, and the through tube for air discharge. Therefore, if hydrogen gas is revealed to an air 
duct 57 from the hydrogen gas passageway 56 of the nx position abnormal eel 55 when a fuel cell 1 stops and the flow of reactant gas 
has stopped, it will be imagined as what flows also into the air duct 57 of the normal eel 55 which this hydrogen gas adjoins through 
said through tube for air discharge, and brings forward the fall rate of the eel electrical potential difference of the adjoining normal eel 
55. And since it is influenced [ the ] greatly about 55 eel located near the unusual eel, it is imagined as what the abbreviation V 
typeface distribution section Y produces. 

[0049] Therefore, when [ which was mentioned above ] malfunction detection processing of the gestalt of the 1 st operation or the 
gestalt of the 2nd operation is performed, there is a possibility that a misjudgment law may be carried out to the normal eel 55 which 
was located near this abnormality eel 55 and it not only judges that the nx position eel 55 is unusual, but was influenced [ that ] being 
unusual. The abnormality judging processing in the gestalt of the 3rd operation judged that the eel 55 which makes the top-most 
vertices of a crest in the abbreviation V typeface distribution section Y , i.e. , the eel which shows the minimum eel electrical potential 
difference , is unusual , when such an incorrect judjging was made not to be perform and the abbreviation V typeface distribution 
section Y existed in distribution of the eel electrical potential difference of all eels . If it does in this way, it can prevent carrying out 
the misjudgment law of the normal eel which caused abnormalities to the eel electrical potential difference under the effect of an 
unusual eel to those with abnormalities. 

[0050] Next, malfunction detection processing of the fuel cell in the gestalt of the 3rd operation is explained with reference to the flow 
chart of drawing 9 . First, malfunction detection processing is started by making the OFF signal of an ignition (IG) switch into a 
trigger (step S301). And in step S302, before an ignition switch is turned off, it judges whether the fuel cell 1 was stabilized and was 
generated beyond predetermined time (when putting in another way, was reactant gas stabilized and was supplied or not?). 
[0051] When the judgment result in step S302 is "NO" (the generation of electrical energy before OFF was not stable), activation of 
this routine is once ended. That is, malfunction detection is not performed in this case. This is because the behavior of the eel electrical 
potential difference after a halt becomes unstable, so the abnormality judging in the right cannot be performed unless reactant gas is 
supplied adequately before stopping a fuel cell 1 for malfunction detection. In addition, although the start condition of malfunction 
detection processing was considered as the ignition switch-off actuation by the operator with the gestalt of this operation, if the stable 
generation of electrical energy of the fuel cell 1 is carried out, it is good also as a start condition of malfunction detection processing of 
the forcible stop for an idle halt or malfunction detection. 

[0052] When the judgment result in step S302 is "YES" (the stable generation of electrical energy was carried out before OFF), it 
progresses to step S303 and judges whether predetermined time (for example, 10 seconds) progress was carried out in OFF of an 
ignition switch. When the judgment result in step S303 is "NO" (before predetermined time progress), it returns to step S303 again. 
After an ignition switch OFF, this has the small difference of a eel electrical potential difference between the unusual eel 55 and the 
normal eel 55, if predetermined time has not passed, and it is because judgment precision worsens. 

[0053] When the judgment result in step S303 is "YES" (after predetermined time progress), it progresses to step S304, the eel 
electrical potential difference of each eel 55 is read, the average (henceforth an average eel electrical potential difference) of a eel 
electrical potential difference is calculated, each eel electrical potential difference is subtracted from an average eel electrical potential 
difference about all the eels 55, and a difference (electrical-potential -difference difference) is searched for. 

[0054] And it progresses to step S3 05 and judges whether average poor electrical -potential -difference difference distribution is created 
in order of arrangement of a eel 55, and the abbreviation V typeface distribution section Y exists the electrical-potential-difference 
difference of each eel 55 in this electrical -potential -difference difference distribution. Since an abnormality eel exists when the 
judgment result in step S305 is "YES" (the abbreviation V typeface distribution section Y exists), a fail lamp is turned on and a next 
generation of electrical energy is forbidden (step S306). 
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[0055] Furthermore, it judges with abnormalities (degradation and breakage) being in the eel 55 of the eel number which detected the 
minimum eel electrical potential difference in the abbreviation V typeface distribution section Y (step S307), in order to make it the 
reference at the time of fixing a fuel cell 1 later (eel exchange), this eel number is written in the backup memory of ECU20 (step 

5308) , and malfunction detection processing is ended. 

[0056] On the other hand, when the judgment result in step S305 is "NO" (the abbreviation V typeface distribution section Y does not 
exist), it judges with all the eels 55 being normal, a next generation of electrical energy is usually made into operation mode (step 

5309) , and malfunction detection processing is ended. Thus, with the gestalt of the 3rd operation, since abnormalities are detected 
based on distribution of each eel electrical potential difference in the condition that supply of reactant gas is suspended, the 
abnormalities of a fuel cell 1 are correctly [ quickly and ] detectable. And since it has judged with abnormalities being in the eel which 
shows the minimum eel electrical potential difference in the abbreviation V typeface distribution section Y, it not only can specify an 
abnormal eel, but it can prevent carrying out the misjudgment law of the normal eel to it being unusual. 

[0057] In addition, the thing which were mentioned above and which is done to abnormality judging processing and coincidence of the 
gestalt of the 1st operation or the gestalt of the 2nd operation for parallel processing is also possible for abnormality judging 
processing of the gestalt of this 3rd operation. If it does in this way, judgment precision can be raised further. 

[0058] Gestalt] of operation of others [ [ ] In addition, this invention is not restricted to the gestalt of operation mentioned above. For 
example, the fuel cell set as the application object of the malfunction detection approach of this invention is not restricted to the fuel 
cell of a solid-state polyelectrolyte membrane type, and can be applied also to the fuel cell of other formats. 
[0059] 

[Effect of the Invention] Since the abnormalities of a fuel cell are detected based on the eel electrical potential difference after 
predetermined time according to invention indicated to claim 1 after stopping a fuel cell so that it may explain above, judgment 
precision is high, judgment time amount is shortened, therefore the outstanding effectiveness that the abnormalities of a fuel cell are 
detectable at an early stage is done so. Moreover, according to invention indicated to claim 1, it is effective in the ability to specify an 
abnormal cel. 

[0060] According to invention indicated to claim 2, since the abnormalities of a fuel cell are detected based on the fall rate of each eel 
electrical potential difference after a halt of a fuel cell, judgment precision is high, judgment time amount is shortened, therefore the 
outstanding effectiveness that the abnormalities of a fuel cell are detectable at an early stage is done so. Moreover, according to 
invention indicated to claim 2, it is effective in the ability to specify an abnormal cel. 

[0061] According to invention indicated to claim 3, since the judgment threshold of being abnormalities is set up according to the 
operational status of a fuel cell, it is effective in the ability to raise judgment precision. According to invention indicated to claim 4, 
since the abnormalities of a fuel cell are detected based on distribution of each eel electrical potential difference after a halt of a fuel 
cell, judgment precision is high, judgment time amount is shortened, therefore the outstanding effectiveness that the abnormalities of a 
fuel cell are detectable at an early stage is done so. Moreover, according to invention indicated to claim 4, it is effective in the ability 
to specify an abnormal cel. 

[0062] Since according to invention indicated to claim 5 malfunction detection is performed when it is stabilized and the fuel cell is 
being operated before stopping a fuel cell, the effectiveness that an incorrect judging can be prevented is done so. According to 
invention indicated to claim 6, it is effective in the ability to reduce the leak rate of the reactant gas at the time of the generation of 
electrical energy on and after next time. 
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* notices * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is the fuel cell structure-of-a- system Fig. equipped with the fuel cell by which malfunction detection is carried out by 
the malfunction detection approach concerning this invention. 
[Drawing 2] It is the sectional view of said fuel cell. 

[Drawing 3] It is drawing having measured and shown the fall rate of the eel electrical potential difference in a normal eel and an 
unusual cel. 

[Drawing 4] It is drawing showing an example of distribution of the total eel electrical potential difference in said fuel cell. 
[Drawing 5] It is the flow chart of the malfunction detection processing in the gestalt of the 1st operation concerning this invention. 
[Drawing 6] It is an example of a judgment threshold correction factor map based on the differential pressure of an anode and a 
cathode. 

[Drawing 71 It is an example of a judgment threshold correction factor map based on the humidification degree of reactant gas. 
[Drawing 8] It is the flow chart of the malfunction detection processing in the gestalt of the 2nd operation concerning this invention. 
[Drawing 91 It is the flow chart of the malfunction detection processing in the gestalt of the 3rd operation concerning this invention. 
[Description of Notations] 
1 Fuel Cell 

52 Anode 

53 Cathode 
55Cel 

Y Abbreviation V typeface distribution section 
[Translation done.] 
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[Drawing 4] 
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[0 0 2 1 ] IBHtttt«np^5». Miltf£«GK®Jtffl 

^^ffi^^rff-^IE <»«BE*> iOT^fl^A 
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.^ii^sisiiE^iur^^ft^TKa^i. tswmtfe 

«£ ICftm StiSCii&S. 7fcfg;t ^ 27 * SiRB 8 

0Zffiz.XtoK). A'-i/^i0ttECU2 0 
CC <t «3 BfSSfefl=3^»fcS ftfci * icBS^SUffl) S ftr . «5 
*4«?t6i ©7K*27^aB5 6&C7fc2>*ffi£6fc^ci:5«:*f 

[0 02 2 ] £/c, 1 £te»T£/ca&©H*ai?ffi 

tt, -)^^^>7*(WP) 1 1 CCcfc^T^JE^ftT 
^X-$r 1 2t£0U&<*ft. ^5>X-£1 1 &C;tel,>T*f 

w*caMiftrsci«:j:»)»a«i*»asft. t<om.. «s 
mztisuctimmm 1 ^ei^^tww 1 ^^in 

U Cft«cj:0»*1±6ft/c»aiiK«»5*-ii--sJ<>^l 
1 ^ItW^^x-^ l 2 &cR9«*ai3ft£ J:5CC 

[0023] ccdj: ot f cmi&zfttcMnnmi'X'rj*-c 

^tt-2^rff±Ur^»C0«»&«:f?±"r-5<!:i<>tC, «S*4 

U«6 < ©ratt4z;b«EE#«J*3ft£. U*»bfc2>* 
-*5 4rd^^-Jb»2pe>«ft/ctK 2/*«*&CK 2/* 

9J3E-ri>i. ffjhie«K:*fflSftfc»-bJi/5 5©-feil/« 

[0 02 4] ccr. -fe^5 5 3&*a«F*{b3tei*«:j:9 . 

*S*B^tC«, »Hz^5 5<3r>7K*2/XilB5 6<bSMil 
5§5 7^mrlB?L^r/M/r31il*r^/c^, milB?L^:il^-C 
7k*27'XiiK5 6rt©**#X#ffi«iljS5 7[^tc^^ 
tC^U, **2/^51K5 6 <h^milS§5 7©7h«?*a 

[0 02 5]f©fel, S«*«*S-fe^5 5 0-fe;i/mjE 

<35c*. B3lt S«^^>-i2JU5 5 iiE^^-feJl'5 5 

«SJS2/^co«*&^ff±3ftri^o-c, -fe;u^jEo<a 
TiSa©ffiia»«»«:3Hft* 0 UW^r. «5*4®6 1 

S-fe7l/5 5<D42^miE<D*^iE^^:-fe;l/5 5CD-fe;U^K 



£9 i>i&< fr£o 

[0 02 6] ^/c, H4», n{I<E>-fe;U5 5^6<C*iK 
5 5 0-te^«BE*aMjeLfc»J3E»*©— Ht**. CO 

[0 02 7 ] C<D<fc5teIE^S:Hz;U5 5<k»«*«*-5-fe 
[0 0 2 8 ] ;XCC. ^5CD^D-^i»- h£#ff8L/T, 

BBteSti^ Uf-^'sioi), ^ur 4 ^r-^^'s 

10 2^C4ol^T. ^^^^H^X-f-^^OFFCC^ 

[0 0 2 9 ] ^^.y^'S 1 0 2U:*5W^*lJS#S*^ l"N 
Oj (OFF hu <D#£e1#S:^e Utl^j:^^/c) T'£>£t# 

*5 V X^vZfS 10 2-C TNOJ ifii^$tl^>ii^<b U 
fc*^ flS^CCOFFteOfciSfc^as&S. fcrte, CCD 

[0 0 3 0] •;7'S102 Ktett £*Uffi*g£ia5 F Y 
ESJ (OFF mltC^/E&W,^ tiXi,±tc) T>£>£^£ 

^r-^^S 1 0 3CCil^, >;W y 9- 

©OFFfl WSB$K 1 0 80 illW 

*>¥«£*r*. ^f«;7*Sl 0 3 ictetf zmmSmV r N 
Oj (WSB*MffiaB9) "C*>«51©^«. WXf7 7'S 
10 3tCl5 o Chit -f^-r> 3 >^>f^OFF 
ft. BfjeWFlB^ajftLTliftl^iRStt-b^S 5 <LIE^ 

[0 0 3 1 ]Xf-;7'S103 Ktett r Y 

esj (mimmi&j&m -v&zm&iz. xf^si 
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[0 03 2] ;/ ?*S 1 0 4fc;te#£3pJSISSia* r Y 
ESJ (^P*SH2il/«EE-«®-fe;U«EE^V 1 ) T*€>*§ 

is-b )vm&&mn o ? * - )mm v 2 tub a^a* 

VU^^<i5Sirii< (V2>Vl) e 
10 :7*S 1 0 StCtett2>mj£$£m& TYESj (w-^^m 
E-IIStJHE^V2) 

U *@<D»m*»±-rS Uf";7'S106) o $6 

7) % m-vtimmi&izmm -r*ps©#^ 
* o-icm^&j* (^^7^sio8) , 

20 [0 03 3] — ]«\ Xr^7'S105 tC*5W£*U5£*S* 
# tnoj (?^j-fe;HE-tlt;Hff < v 2 ) T£> 

fcH^WJIK*:- Kit ^> (^f^7"Sl 0 9) „ mi^Ltc 

j^tc, jtmnm i tem&&mm%t (mtj) 

JU5 5^^^^i|iJ^Lt (^t^^-7'S 10 7), 
igt;i/§^ECU2 0<D'*v*7v y's^v-icm^ 
3A^ Uf77'S 10 8), S»tftffi#^*l*T-rS. 
40 [0 034] 7f 7 7'S 1 0 4CCii^-5flE^ 

3&s r NO J (^H2;l/^BE-«fiHz;l/miE<V 1 ) 

mo^m^il^iif^- KiU (^T-^ 7'Sl 10) , 
50 [0 03 5] miaiU/c^ 1 ©HSfeDJBSgrw, ^ 



(6) 
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S<b , 7*-;UHffiV2*5t4i , 7-^>^BififV 1 

[0 03 6] mn&m&mzmft'tzmcDiimn 

m 1 ©SIltetttBtt. *Bt*4«?ft 1 <D&±'&<D1z)^EL<Dm 
* v - K PiSCD V P * y - * ^ < u z> tc&&±m<o 

[0 0 3 7 ] ^Ct, K4*V- FIBNDIIAifoP 

TOEW«*/hS <T£<fc5&t. F(DBE 

9L-?v?b OX ECU2 0<7>ROMtCfBttL/rfc^, ft 

MJEbT, Cti6»jE3*i/c7*-Jl/KffiV 1 , *5<fcC> # 30 
7-^>^ISV2 '^r^T^^^S 1 0 
7 7'S 1 0 5 vC^CiTffiC^J: ^ieLT^ctl^o 
V 1 * = V 1 • Kp d ■ Kh • • -5£ ( 1 ) 

V2' = V2 - Kpd - Kh • • • 5£ ( 2 ) 

[0 03 8] C»2©SQfe<D7&8SU #CC. C©»93CC« 
S«S*4WfeCDS««ia^rffi<0» 2 OH*SO?BS8€:ia 8 CD 

■fe;UmEE<Dig;TCDM^ (r<C*>^. ftTMS) £SUti b 
C<DfiT©«#**JSMffl<fcJ:l^0rS«*iJ5£^?T 

[0 039 ] ^f, -f^^> 3 >(IG) ^^7^<D 
(7f77'S2 01). ^Ut t Xf';7'S20 2 tC*5 50 
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[0 04 0] 7*S 2 0 2 tCtettS^JSfi*** r N 

Oj (OF Fm<D§tn&&muXl,>tj:fr-Dtc) X$>2>m 

KSK: J: 5^f^r>3>X-f^OFF SfEi Otc 

[0 04 1 ] Xf~; 7'S2 0 2 CCfctt £^JS*£:3I# I" Y 
ESJ (OFFfiC^l^ntC^c) "T^-Sii^ 

t*, xf7 7*s 2 o 3t,cm&. m&ts^<om&. vmn 

[0 04 2 ] * ?*S 2 0 3 &dfctt£2Kfi£»S5iai r Y 

esj (flgftfl=«wj£Lri^> x&zm&te. mnik 
mfcm<DmiT^fr*m&i<xi,>z>(DxxTv7's 204 

S 1 J£Lb^S*>*iJSr^. 

[0 04 3 ] X^r ? V'S 2 0 4CCfe^S2pJ5Ett**« r Y 
ES J (42Jl/mjEOffiT<Dffl#^VS 1 ) ~C$>Z>m^ 

IBVS2tt9-->^HffiVS U0W#<»SOt 
*5< (VS2>VS1) 0 7 7'S 2 0 5CC*stt£¥iJ 

©B*3&« r Y E S j ( -fe JHSJE<Offl«4<D«# ^ V S 2 ) 

Uf-; 7'S 2 0 6 ) . ^6CC. -te^^l/ECDiSTCDM^ 
^7x-;«VS2«± (*r^C^^. •7-->yHffl 

vs lfeLb) r*o/c-fe->u»-^co-fe^5 5*cs« (^<b 

•^©JM) A^^i^Lt (^f ^7'S2 0 7), »"C 

tcig-fe;b^^^:ECU 2 0^«; ^ -^c^ 
#iA^ (^r>>7-S2 08) . »*»ffl«!a*»T"r 
£0 
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[0 04 4] XT** ?'S 2 0 5 «C*jW^*lJStS**« r N 
OJ (H2Jl/«EE<30ffiTO>«*<VS 2 ) 

9) . ^ciawmWF^iaAiwiB*- Ki-rsa&tcoor 
ffi©<6T<D«#a*l»ffi (vs l ) ta±-c*o/c-fe;u## 

7) , R^;l/#^J& E C U 2 0 7 ? * 'j - 

tC^^iA^ Uf-^S 2 08) , RSttllljei«tt7 

[0 04 5 ] 77'S204 tCteWS^JjE***** >"N 

oj (■feju«ffi©ffiT©«£<vs i ) r**»&a\ 

aJftHE*- K<fcb (Xf^*S2 10) . HWtttUjS 
j£^0«*ft3Wflijh $ tlX l > S ttJB"C<D-fe ^SE ©ffiT 

[0 04 6] C 2 ©Htt©^JiStCfcW S*R*4tKfe<D 

[0 04 7 ] Cm 3 ©5Bfe<Z>JgS8) ^tC, C CD^BJtC^ 

CC L T B& V D S o 
[0 04 8 ] CCT\ B&V^T^SBY^^Sil&K: 

5 5 ©7K3R*'^a8S 5 6 K3fc5UWtCfllBfltt&<? *u 
-feJl/5 5©7k5ft*/;*aSS5 6 3^e>*Sl£©7K*7&«B5ga7K 

fflK5 7*cae5iJ«ec»E«|&$n. ^-fe;U5 5<D^Mil 
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©*3R*/*aB5 6 »*3R«lftfflJlilTL*Jj:c;**Sta 
/BSa?UtcfcoTofc#-*T*JtK §-te;U5 5(7>2»a 
385 7 «SJR«f&ffl»iB?L*5<tCXSaSfmfflJlii?L(-C J: 

g<D-fe;U5 5c07k^^'^iS5§5 6*P6^ui8S5 7 *C7k 
il?L«:iioTI««-rSiE«^c-b^5 5 7 tc 

KV?:»»1SWY*sai:**><OiaWSti-5. 
[0 04 9 ] UWot, ffuizEl/fclif 1 OXtKO^ffiS 

n x^@<D-fe;U5 5/^^T>&S<^J^$nS/cttT'fr 

5 CcWPJS^ff t>tlttl» <fc 5 CC Utch<DX&> 9 . 
20 CD^;UmjEO^tCBSV^^aJY^l5ETS<b^CC 
tt, ^OB§V^^^I5YO^^UjOm^^^-r-feJb, 

-C^>Si*iJ5E"rS<fc5tCL/Co co«fc^tcrs<t. 

0 tR«IT-5©tl»±tSC £ So 
[0 0 5 0 ] ^3©^tt©»a8«:*jWS*K»4«Sfe 
<D»SttHiA&a£ig 9£>:7n-^+-~h £#M L r gtt§9 
TS 0 ST, 0'^r>3>(IG)^>f ->f©OFF 

30 7 7'S3 0 1). ■eit,' ^f^'S 3 0 2tCfcC^T, 
*fz-v*s*^7s4 y ^OF FtC^cSWK:WSB#raJW 

^TSo 

[ 0 0 5 1 ] v -fS 3 0 2 CCfett&fiStSAds I" N 
OJ (OFFffiO^SgUtl^^ofc) ^?abS±i 

^tc« % *^-^>ontf^r— s»T-rs. -r^ct>^, 

tc^cS/cfi?>iEL/C^m*yS^'C#^:l^^6T > ^>S 0 ^ 

[0 0 5 2] ^r-; 7*S3 02 CC*5^S^J^*Sm^ r Y 
ESj (OFFI?tcSffi«flSn-Cl^c) TabS^ 
^7"^ ^'S 3 0 3 tea*. -{^r>3>X>( 
50 ©OFFS, WS^fWI 1 0») SfflL^S 
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[0 0 5 3 ] 7f^'S3 03 Kl*5W**iJSS**i Ty 
ESJ (K3lBNIgaa) r*5«^B, Xf 7 7'S3 
0 4 tea*. *H2^5 SO-feJl/ftEE^R*^*. -feJMg 
EBMPittB (JSIT, Wfe-MBEEilO) *ft*U ^ 

nur^ cmEEM) 

[0 0 5 4]^lt, 3 0 5 Ceil*. 

5 5 ©SEE«£-feJl/ 5 5 ©iEaffltc&^fcSII^fljS: 

r Y E S J <B8V*:»5Wt»Y3&«»aE-r*) "C^**!^ 

U ^BO^m^Slih-r* Uf-;7'S306) o 
[0 0 5 5] $^C, BSV^^fljaJYtCfcWSfiffi-b 
;^JE^aiL/c-teJU#-^(D-fejU5 5 CCA* <5£ft«H 

a> 3&s*si*ijfiu-r (^T77'S3 0 7) , ams» 

3: E C U 2 0 <D^' v i?T v V^^tV ~CC#£iA 
[0 05 6]-^ ^T7 7'S3 0 5 W^jEt±^ 

^m«il«ffiK-=e- FiL ?^S30 9) . IS 

0SV^^gPYtC*j^-5S^-i2^ff<£:^bTti 
&42>UCAS#&££^MUTI>£<DT\ AS**** Hz 

[0057] c©»3®sste©»«®AS*fiEte 

[0 05 8] Cfft©Hjfe(D^»] C<D^?g«mf^0 
[0 05 9] 
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[0060] gf^2 tt&mutcgmtrcjzti^ mmn 

[0 06 1] »*^3 ^cSEttUfc*l§tc<fcn«, A3t*» 

»©«42;usaE©^tcS^i*r*8^^<OA»^lftHl 
20 ti. U^ot, JBS^rfeOAS^SHtc^Ui-r-Sci 

[0 06 2 ] W3J8S5 6cgEi8U/c^tCj:nt3f. «KH« 
£ £ £ l> 5 $ tT^> . 6 tCBEfg LfcfS^C 

30 [HffiOffi&ttKiSB] 

[m i ] co#6^«:«-sA«*ftui*ffi"CA««fca3n 
& mnmm zm*. temmmm^ * f- a jkis r * * . 

[^3 ] jE-mt^)^t^tji^z)uc^h-^)vm&(o 
[05] c<D»»«c«*an ©ias^®tcfcwsA 

[0 7 ] SJ£X/^©ajSfi^ccS^<*JS«fii»SiE« 
[MS ] C©*?«fC{fi-5>»2©SS*SCD^JS6C*5WSA 
[0 9 ] C©»93CC«^S3©iaSO^JBCC*5W-SA 

i vmmm 

so 5 2 r y - K 
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5 3 # V - K 
5 5 



(9) 



2003-45467 



16 



* Y WV¥*»W» 



[HI ] 



— k 



20 



ECU 



2 



I _21 




DOSS 



[12] 





[04] 



4U 



7Jx 
-tzJUNa 



(10) 



&m 2003-45467 



[H5J 



[H6] 



~~ 1 S102 




fiHtt^l«E«>t2J!/S«»i:«Br9-s"] S107 

- SI 08 



] 



[17] 



Kpd 



/Jv 



18] 



| IG^-fyTCFF | — — S201 
' ?202 

NO 




I 



-S208 



(11) 



ftffl 2003-45467 



[B9] 



I 

~ ' " 302 
NO 




S307 



S308 



»SjWn*ft*lTi4*lf 

F £ - A (## ) 5H026 AA06 CC03 

5H027 AA06 BA13 BA19 CC06 KK54 



